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Abstract: We conducted a slow event-related fMRI experiment with naı̈ve subjects’ passively viewing
yawn and various other control videos along with correlative behavioral testing. Specifically associated
with the viewing of the contagious yawn was an area of activation in the ventromedial prefrontal cor-
tex. These findings suggest a role for the prefrontal cortex in the processing of contagious yawning,
while demonstrating a unique automaticity in the processing of contagious motor programs which take
place independently of mirror neuron networks. Hum Brain Mapp 30:1744–1751, 2009. VVC 2008 Wiley-Liss, Inc.

Key words: contagion; fMRI; motor program; urge; ventromedial prefrontal cortex; yawning

INTRODUCTION

Yawning is a primitive yet complex stereotyped motor
response requiring the concerted activity of facial, oral, la-
ryngeal, pharyngeal, thoracic, and abdominal muscles. In
humans, yawning may occur spontaneously, as commonly
seen with infants, or can be induced by an internal stimu-
lus (e.g. thinking about yawning) or an external stimulus
(e.g. viewing someone yawn) referred to as the contagion.
[Provine, 2005] The act of spontaneous yawning is present
across many species, though its function remains unclear.
Conversely, contagious yawning (CY) has only been
reported in chimpanzees [Anderson et al., 2004] and
humans [Baenninger, 1987; Lehmann, 1979; Smith, 1999],
suggesting a higher level of complexity. Furthermore,
yawning by contagion likely represents only a few motor

programs, such as contagious laughter [Provine, 1996],
which may be involuntarily induced by external or inter-
nal (in the case of yawning) stimuli, which have been well
described. [Provine and Hamernik, 1986] Despite numer-
ous theories posited, the underlying etiology and neurobi-
ology of these contagious motor programs remain unclear.
Current hypotheses on the evolution of CY center on its
potential role in social interaction, communication, and the
development of empathy. [Gallese et al., 2004; Lehmann,
1979; Platek et al., 2003, 2005].
Recent neuroimaging studies of CY, using blood oxygen

level dependent functional magnetic resonance imaging
(BOLD-fMRI), have shown inconsistent regions of activa-
tion. Noting that experimental paradigms differed slightly,
the finding of posterior cingulate and precuneus activa-
tions by Platek et al. [2005] suggests that CY involves
theory of mind (ToM) or empathy networks, whereas a
study by Schurmann et al. [2005] found right superior tem-
poral sulcus (STS) activation. Both studies also noted a
lack of activation, during CY, in mirror neuron areas such
as the inferior frontal cortices when compared with similar
noncontagious motor acts which did activate mirror neu-
ron areas. The absence of significant activations in mirror
neuron areas suggests that highly stereotyped motor pat-
terns, like CY, do not require true imitation and would
therefore not activate mirror neurons.
On the basis of these intriguing findings, we sought to

better define the brain regions activated while subjects
viewed yawn videos when compared with areas activated
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while viewing similar noncontagious facial actions in an
ecologically valid paradigm. We hypothesized that the
viewing of noncontagious facial analogues to yawning
would activate mirror neurons, whereas the viewing of
contagious yawns would not.

SUBJECTS AND METHODS

Stimuli

Single video clips were recorded showing an unfamiliar
actor performing four facial expressions: yawning, gaping,
coughing, and a ‘‘blank’’ expressionless face with limited
blinking (see Fig. 1). The blank face and cough stimuli
served to control for facial perception and visual motion,
whereas the gape action involved the actor opening the
mouth wide then closing with similar timing to a yawn
but while maintaining the eyes wide open and having a
more robotic appearance. Gape thus, mimicked all aspects
of facial movement, complexity, and timing associated
with yawning, without conveying the behavioral or emo-
tional components of yawning.
Video durations were 4 s for all clips and had a 12-s

interstimulus interval to allow for the delayed hemody-
namic response to return toward baseline. We selected this
yawn duration which was shorter than that employed by
previous studies [Platek et al., 2005, 7 s; Schürmann et al.,
2005 24 s for two consecutive clips] to increase the total
number of stimulus repetitions within the confines of a
scan session. This shorter stimulus duration took into con-
sideration the work of Provine [1986] showing the mean
yawn duration is 5.9 s with a range of 3.5–11.2 s and
which noted no link between yawn frequency and dura-
tion. A baseline signal was established by having subjects
fixate on a white cross in the center of a neutral gray
screen. We chose a slow event-related design, because we
were concerned about the potential for either response
habituation or potentiation, which may have been more
likely in both block and fast event-related designs, due to
prolonged stimulus durations or more frequent repetitions,
respectively. The timing we selected thus allowed the dis-
play of a complete yawn cycle, while minimizing these
additional potential confounds. The four stimuli were
pseudorandomly presented 10 times per run, and there
were two runs per session which were separated tempo-
rally by 1–2 min. Videos were projected using Presentation
version 9.0 (Neurobehavioral Systems; Albany, CA).

Subjects

Eighteen healthy right-handed subjects (18–48 years of
age, mean age 6 SD: 29.5 6 9.3; nine females) participated
in this study. All subjects underwent general medical
screening and provided written informed consent in com-
pliance with the Institutional Review Board of the National
Institute of Neurological Disorders and Stroke. We
excluded all subjects using dopaminergic agonists

(including nicotine) or antagonists to avoid a potential con-
found associated with variable yawn susceptibilities. Sub-
jects were also instructed to abstain from caffeine and alco-
hol for 48 h before scanning.
Because we sought to study the contagiousness of yawn-

ing in relatively naı̈ve subjects, participants were told the
aim of the study was to investigate the brain responses
associated with the viewing of various facial expressions.
The instructions that subjects received about the experi-
ment were to simply view the stimuli with full attention
and to avoid gross head and face movements. This was
meant to minimize the chance subjects would realize the

Figure 1.

Representative video frames of each stimulus demonstrating

blank face, cough, gape, and blank face conditions over time.
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purpose of this experiment and subsequently develop a
spontaneous internal urge to yawn. However, we were
concerned about the susceptibility-induced magnetic field
changes which may arise due to tongue or jaw movements
[Birn et al., 1998] that would accompany yawning. Subjects
were thus constrained with the use of VacFix vacuum
cushions (Par Scientific; Houston, TX) that enclosed the
head and wrapped around the chin. Before positioning
and scanning, subjects were reminded to attend the stimuli
and avoid facial and head movements.

Image Acquisition and Analysis

Structural and functional images were acquired with a
3-T magnetic resonance imaging (MRI) scanner (Signa,
General Electric; Milwaukee, WI) using a standard head
coil. Functional imaging was performed using a gradient-
echo echo-planar pulse sequence (64 3 64 matrix, repeti-
tion time [TR] 5 2000 ms, time to echo [TE] 5 30 ms, FOV
5 24 cm, flip angle [FA] 5 908). Whole-brain coverage was
obtained with 25 axial slices (5 mm thickness; 1 mm spac-
ing; in-plane resolution 5 3.75 3 3.75 mm2). A total of 330
EPI image volumes were acquired for each of the two
runs. The first five volumes of each run, collected before
equilibrium magnetization was reached, were discarded
before analysis. High resolution anatomical images (128
axial slices, 1.3 mm thickness) were obtained using a
standard MPRAGE sequence (256 3 256 matrix, TR 5
8.096 ms, TE 5 3.22 ms, FOV 5 24 cm, Phase FOV 5 0.81,
FA 5 128) to serve as an anatomical reference for spatial
normalization.

Imaging Data Analysis

Image processing and analysis were performed with the
AFNI software package. [Cox, 1996; Cox and Hyde, 1997;
Saad et al., 2006] The EPI and anatomical datasets were
converted from DICOM format to AFNI’s native 3D and
4D formats. EPI time series data were corrected for slice
timing offset. A six-parameter rigid body inter and intra-
session motion correction was performed, whereby vol-
umes in the EPI scans were registered to the last EPI
volume, which was collected before the high-resolution
MPRAGE scan. EPI time series data were smoothed using
a 6-mm FWHM isotropic Gaussian kernel to minimize the
anatomical variability among individual subject maps in
generating group maps. The data was scaled by dividing
voxel signal intensity by the mean intensity at that voxel
for each session and multiplying the result by 100. The
resulting regression coefficients thus represent a percent
signal change from the mean. The 3D anatomical and 4D
time series datasets were then transformed to Talairach
standard space [Talairach and Tournoux, 1988] with a re-
solution of 3 3 3 3 3 mm3.
To model the hemodynamic response functions for lin-

ear regression analysis, we convolved the timing of each
stimulus class with a g-variate function that approximated

the BOLD response. [Cohen, 1997] For each voxel, the
fixed shape analysis resulted in a single response ampli-
tude for each stimulus class. In addition to the regressors
which modeled the stimulus response, we included regres-
sors to model motion residuals and baseline drifts using
quadratic polynomials in time for each run. The statistical
correction for multiple comparisons was set by rejecting
spatial clusters smaller than what would be expected by
chance using Monte-Carlo simulations [Forman et al.,
1995], given a voxel-wise false-positive level of P < 0.001
which resulted in a corrected P < 0.05 (minimum cluster
size of 13 voxels, 351 ll).
For the group analysis, we analyzed individual subject

regression coefficients using a two-way ANOVA with the
four stimulus classes as fixed effects and subject as ran-
dom effects. This analysis is also commonly termed a one-
way within subject ANOVA.

Behavioral Data

Subjects were required to complete a postscan question-
naire consisting of seven questions. The binary question-
naire asked whether subjects yawned when seeing, read-
ing, or thinking about yawns in general as well as their
urge when viewing our experiment stimulus videos. Addi-
tionally, we asked whether the subject actually yawned
during the experiment, the timing of the urge (immediate/
delayed) and whether repeated presentations of the stimu-
lus made them more or less likely to experience the urge.

RESULTS

Behavioral Data

Seventeen of 18 subjects reported having a contagious
urge to yawn in general. Of these subjects, eight reported
experiencing the urge to yawn and suppressing it when
viewing the yawn stimulus during the experiment com-
pared with two subjects who reported an urge to yawn
while viewing the nonyawn stimuli (P 5 0.046). Seven sub-
jects indicated that their urge to yawn diminished as the
number of stimulus presentations increased. No subjects
reported overtly yawning during the runs. A review of the
EPI data, using AFNI in video mode, found no gross motion
artifacts involving brain areas close to the jaw and face. Fur-
thermore, the tell-tale signs of oral motion-induced artifacts
at skull-air and skull-brain interfaces were also not pre-
sent.[Birn et al., 1998] Regardless of the potential for more
subtle artifacts related to minimal jaw motion, it should be
noted that our areas of interest are distant from these
regions and unlikely to have a significant impact.

Functional MRI Data

The main effects analysis for each stimulus versus base-
line showed typical activation of the primary visual cortex
for all conditions (see Fig. 2). Dynamic stimuli such as

r Nahab et al. r

r 1746 r



cough, gape, and yawn also showed activations in visual
motion areas (V5/MT). For our cough and gape stimuli,
we found common activations in right inferior frontal cor-
tex and right STS. The gape condition showed a number
of additional activations, including the bilateral ventral
premotor areas, the parahippocampal gyrus near the ven-
tral posterior cingulate (BA 23), and pre-SMA. The yawn
condition showed similar activations as the gape condition
with the addition of the ventromedial prefrontal cortex
and the absence of other areas which were only present at
subthreshold levels. Table I provides a summary of all sig-
nificant activations for the various contrasts. For our con-
trast of interest (Yawn-Gape), we found a significant dif-
ference only in the region of the ventromedial prefrontal
cortex (see Fig. 3).
To extend these findings, we also looked at the signal

amplitude of the BOLD response to ensure that our find-
ings were not an artifact of contrasting positive activations
and negative activations (deactivations). To ascertain how
the data varied with each stimulus class, we selected a
peak voxel maximum in the ventromedial prefrontal cortex
(vmPFC; x 5 1.5, y 5 25.5, z 5 29.5) and a control peak
voxel maximum in the right area V5/MT (x 5 44, y 5
271, z 5 8) activation for comparison. We then looked at
the BOLD response amplitudes across subjects for each
stimulus class in the two areas (see Fig. 4). Activations in
visual areas showed a trend consistent with the amount of
visual motion in the corresponding stimulus, and the
yawn and gape stimuli were not statistically different (P 5

0.064). Additionally, we found activation in the vmPFC
that was unique to our yawn stimulus. Comparisons of the
vmPFC activation showed significant differences between
both the yawn and gape amplitudes (P 5 0.002) and the
yawn and cough amplitudes (P 5 0.020), whereas yawn
and blank face activations only showed a trend toward
significance (P 5 0.072).
Although we are not aware of any literature suggesting

that the ventromedial prefrontal cortex may differentially
activate based on variable amounts of visual motion, we
wanted to ensure that the yawn activations in this region
could not be explained by the difference in visual motion
of the various stimuli. After normalizing the signal ampli-
tudes in the vmPFC by the activations in the V5/MT
region, we found the same trends as our analysis without
normalization (see Fig. 4).
All neuroimaging-based activations associated with

studies of CY reflect the potential confound of yawn sup-
pression. To explore whether our vmPFC activation was
differentially active in our subgroup of subjects who
reported suppressing their yawn, we conducted a post hoc
subgroup t-test between subjects who suppressed yawning
(n 5 8) and subjects who denied suppression (n 5 10) dur-
ing the experiment. Areas which were more active (P <
0.05, corrected) in the suppression group were the left pre-
central gyrus (Z 5 3.09; x 5 255, y 5 24.5, z 5 41.5; clus-
ter volume 5 891 ll), left anterior cingulate (Z 5 2.69; x 5
213.5, y 5 37.5, z 5 2.5; 567 ll), right cerebellum (Z 5
2.76; x 5 7.5, y 5 261.5, z 5 227.5; 378 ll), and right

Figure 2.

Statistical parametric maps showing regions of BOLD activation for each stimulus class versus

rest. Results showing the significant mean activations for each stimulus class versus rest condi-

tion, superimposed on a standard T1-weighted brain in Talairach space. Color bar represents the

statistical z-values above the statistical threshold (P � 0.05, corrected). All images are shown in

neurological convention.
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TABLE I. Summary of BOLD activations for various contrasts

Contrast Anatomic structure Cluster volume (lL)

Cluster coordinates (COM)

Z-maxx y z

Control vs. baseline Left middle occipital gyrus 2,268 219.5 291.5 20.5 4.23
Right middle occipital gyrus 945 22.5 285.5 2.5 3.41
Left superior frontal gyrus 621 216.5 64.5 14.5 3.05
Right superior frontal gyrus 567 25.5 55.5 8.5 3.00
Right anterior cingulate 540 4.5 4.5 29.5 3.03

Cough vs. baseline Right inferior frontal gyrus 2,403 46.5 25.5 11.5 3.48
Right STS 1,998 52.5 237.5 14.5 4.15
Left STS 1,377 255.5 240.5 20.5 4.82
Left middle occipital gyrus 1,350 237.5 282.5 20.5 3.72
Left inferior frontal gyrus 1,296 258.5 19.5 20.5 3.50
Right MT 1,215 43.5 270.5 8.5 3.62

567 49.5 7.5 224.5 3.48
Right middle occipital gyrus 567 25.5 291.5 2.5 4.00
Right temporal pole 459 28.5 28.5 227.5 5.34
Brainstem 378 1.5 228.5 242.5 3.82
Right fusiform gyrus 378 34.5 258.5 29.5 3.07

Gape vs. baseline Left middle occipital gyrus 4,698 243.5 267.5 14.5 4.20
Right middle occipital gyrus 4,050 43.5 267.5 14.5 4.14
Left middle occipital gyrus 3,888 237.5 279.5 2.5 4.53
Right ventral premotor 3,699 49.5 21.5 38.5 6.08
Right STS 2,646 58.5 243.5 17.5 4.22
Left ventral premotor 1,377 237.5 24.5 35.5 3.01
Parahippocampal gyrus 1,161 1.5 237.5 2.5 4.22
Left hippocampus 783 210.5 213.5 29.5 3.40
Right medial frontal gyrus 729 7.5 7.5 47.5 3.69
Right inferior frontal gyrus 675 43.5 22.5 14.5 2.91
Right postcentral gyrus 675 55.5 222.5 32.5 2.87
Left superior frontal gyrus 621 216.5 216.5 74.5 3.60
Right inferior parietal lobule 594 25.5 255.5 44.5 3.02
Left fusiform gyrus 459 237.5 249.5 26.5 3.27
Right inferior temporal gyrus 351 52.5 246.5 212.5 3.08

Yawn vs. baseline Right middle occipital gyrus 9,342 43.5 273.5 5.5 5.99
Left middle occipital gyrus 6,615 240.5 279.5 2.5 5.87
Right ventral premotor 1,107 52.5 1.5 44.5 4.54
Parahippocampal gyrus 837 21.5 234.5 2.5 4.17
vmPFC 459 1.5 28.5 29.5 3.48

Gape vs. yawn Left postcentral gyrus 3,213 231.5 234.5 65.5 3.21
Right MT 1,998 67.5 240.5 23.5 3.55
Left inferior temporal gyrus 1,215 258.5 258.5 26.5 3.39
Left parahippocampal gyrus 1,053 210.5 210.5 212.5 3.23
Left cingulate gyrus 1,053 27.5 237.5 32.5 2.97
Right cerebellum 810 13.5 249.5 245.5 3.59
Left cuneus 702 21.5 285.5 29.5 3.07

648 27.5 267.5 26.5 3.23
Right postcentral gyrus 648 52.5 222.5 35.5 2.74
Left postcentral gyrus 621 258.5 222.5 35.5 2.82
Right cingulate gyrus 567 10.5 240.5 32.5 2.68
Left middle frontal gyrus 567 225.5 21.5 56.5 3.01
Left precentral gyrus 513 240.5 213.5 23.5 2.75
Left MT 486 264.5 231.5 26.5 3.16
Left superior frontal gyrus 486 213.5 55.5 17.5 2.73
Right middle frontal gyrus 459 31.5 25.5 44.5 3.14
Near right caudate nucleus 432 1.5 7.5 8.5 3.29
Right lingual gyrus 405 16.5 279.5 212.5 2.95

Yawn vs. gape vmPFC 891 1.5 25.5 29.5 3.95

Summary of all significant activations (p � 0.05, corrected) for the main effects analyses and Yawn-Gape contrasts performed. Clusters
are listed in order of their maximum z-value. Gray highlight shows contrast of interest.
Positive coordinate values signify: Right-anterior-superior.
COM, center of mass; MT, middle temporal gyrus; STS, superior temporal sulcus; vmPFC, ventromedial prefrontal cortex.
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cuneus (Z 5 3.49; x 5 19.5, y 5 288.5, z 5 29.5; 378 ll).
No clusters were more active in the nonsuppression group,
and we found no differential activation in the vmPFC even
when we lowered the threshold.

DISCUSSION

To our knowledge, the finding of ventromedial prefron-
tal cortex (vmPFC; BA11) activation associated with the
urge to yawn by a contagion has not been previously
reported. Most commonly, the vmPFC has been shown to
assign relative value to different options, thereby weight-
ing or biasing future choices and minimizing decision
making time. [Bechara et al., 1999, 2000; Elliott et al., 1999;
Fellows and Farah, 2007; Northoff et al., 2006] Additional
studies have implicated the vmPFC in empathic process-
ing. Eslinger [1998] noted that patients sustaining injuries
to the prefrontal cortex developed impairments in em-
pathic processing, thereby limiting their capacity to pro-
cess emotional information. Similarly, Shamay-Tsoory
et al. used empathy scores and ToM tasks to study brain
injured patients with frontal lesions, posterior lesions, and
controls to assess whether changes in empathic processing
correlated with particular structural lesions. They found
activity in the right ventromedial prefrontal cortex to cor-
relate highly with impairments on various empathy mea-
sures. [Shamay-Tsoory et al., 2003] Functional imaging stud-
ies have also implicated vmPFC and orbitofrontal regions in
ToM tasks. [Baron-Cohen et al., 1994; Calder et al., 2002;
Fletcher et al., 1995; Gallagher et al., 2000; Goel et al., 1995].
Our finding of vmPFC activation therefore suggests that

this area may be the prefrontal component of the empathy

network, which has been previously implicated in CY. In
addition to the finding of vmPFC activation associated
with CY, our results provide a basis on which to integrate
the discrepant findings of Platek et al. [2005] and Schur-
mann et al. [2005]. We found similar activation of parahip-
pocampal/ventral posterior cingulate areas identified by
Platek et al., although we found no significant activations
in the precuneus or thalamus. These regional similarities
did not, however, differ between our yawn and gape con-
ditions. Our paradigm also showed activation of what has
been indirectly shown to be the human mirror neuron sys-
tem [Buccino et al., 2001; Carr et al., 2003; Leslie et al.,
2004; Rizzolatti and Craighero, 2004], including inferior
frontal gyrus and STS in both the cough and gape condi-
tions, in addition to right ventral premotor, pre-SMA, and
inferior parietal lobule in the gape condition. When con-
trasting yawn vs. gape, we found no significant mirror
neuron activations, because this region was active in both
conditions as well as the cough condition at subthreshold
levels. These findings thereby support the results of Schur-
mann et al. [2005] and further suggest that although the
right premotor cortex may be involved with the processing
of facial expressions, it is not unique to yawning and is
not likely to be the primary region underlying contagious
motor programs.
The mechanism by which a contagion releases a yawn

remains unclear. [Provine, 2005] The involvement of
vmPFC in the urge to yawn by contagion is however
underscored by this region’s association with emotional
processing of internal and external stimuli and representa-
tion of emotional responses. [Bush et al., 2000; Lane et al.,
1997; Posner, 1995] Furthermore, although the motor act of

Figure 3.

Yawn-Gape activation. Results of Yawn vs. Gape contrast showing

significant (P � 0.05, corrected) activation in the ventromedial pre-

frontal cortex (local cluster maximum center of mass in Talairach

coordinates at x5 1.5, y5 25.5, z529.5; Zmax 5 3.95).

Figure 4.

Mean BOLD responses for each stimulus class in the ventrome-

dial prefrontal cortex and area V5/MT. The mean BOLD signal

amplitude changes for each stimulus class versus rest are shown

in two regions: ventromedial prefrontal cortex (light gray bars)

and right V5/MT (dark gray bars). Asterisks represent a signifi-

cant difference (P � 0.05) from the yawn stimulus in the region

of interest. Error bars show standard deviations.
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yawning does not require cortical control, our findings
suggest that the cortex may be required for transmittal of
a contagious motor program like yawning. The vmPFC
thus appears an ideal region for processing and
‘‘releasing’’ contagious motor programs. It may also help
to explain how the urge to yawn by a contagion could be
unique to humans and possibly nonhuman primates,
although spontaneous yawning is present even in lower
animals. This proposed role of the vmPFC may also pro-
vide insights to explain the early observations of Piaget
[1951] and the recent work of Anderson and Meno [2003]
noting CY did not develop in children below 5 years of
age. It remains unclear, however, what developmental or
biological milestones (e.g., axonal myelination, synaptic
plasticity, empathic processing) must take place in the
child’s brain before motor programs can be released via a
contagion. These findings are in contradistinction to the
paradoxical innate capacity to imitate which is present in
healthy human neonates. [Nagy, 2006] Further studies are
needed to identify whether contagious and noncontagious
motor programs are processed by different neural corre-
lates in order to develop a unified framework, which
accounts for both the current view that CY has evolved as
a form of empathic modeling and that the mirror neuron
system is the primary substrate for experiential or em-
pathic understanding of others.
Although our findings identify a new component to the

network underlying CY, we acknowledge that only eight
(47%) of our 17 naı̈ve subjects, who reported experiencing
CY in general, reported feeling a similar urge during the
experiment and suppressing it. For comparison, Provine
[1989] reported subjects’ yawn response rates of 55% dur-
ing the viewing of a 5 min series of 30 yawns versus 21%
who yawned while viewing a series of smiles. With regard
to the potential confound introduced by suppression of
yawning which exists in similar experiments, our post hoc
results suggest that the vmPFC was not associated with
suppression and also identifies regions such as the anterior
cingulate, which are known to be active during cognitive
and motor suppression [Bush et al., 2000; Krams et al.,
1998].
Based on these collective data, the highly evolved

vmPFC appears a valid brain region for the processing
and release of contagious motor programs such as yawn-
ing. Taken together, these data suggest that the urge to
yawn via contagion, unlike other noncontagious facial
expressions, does not take place through a process of imi-
tation or mimicry, rather the primitive motor program is
‘‘released’’ by the cortex and is carried out through well-
characterized brainstem and subcortical mechanisms.
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